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1. Introduction 
In the field of network science, network is generally d ivided into static network and dynamic network[1]. In 
the static network, the property of the nodes, edge and mapping function will not change over time. In the 
dynamic network, the number of nodes and edges, the form of the mapping function as well as some other 
properties may change over time, so the dynamic network is a time-vary ing network. The social network[2] is a 
typical dynamic network, such as a network structure formed by the communicat ion between the people in 
some large enterprise organizat ions through mobile phone, SMS and e-mail[3]. People involved in such 
activities are generally abstracted as network nodes, and the relationship between people and their interaction 
frequency abstracted as network directed edge with weight. A long with the important events related to the 
enterprises occur (such as restructuring, mergers and acquisitions, bankruptcy, split, organizat ional structure 
adjustment, etc.)[4], the relationship will arise a variety of phenomena such as add, delete, reconnection, 
pursuant to which can be abstracted as the mapping function of the network structure. 
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The changes of network nodes, edges and the mapping function over time may cause the restructuring of the 
network structure, transitioning from one s table state to another stable state, i.e. the emergence of the network 
structure[5]. Such emergence is generally  due to recip rocal act ion of some internal o r external local rules, 
causing certain characteristics of the entire network structure changes. Network responds frequently and 
quickly  to external conditions by optimizing some of its own characteristics, such as min imizing the path 
length, maximizing the flow or min imizing the cost. Through the responses to external stimuli, the network 
adapts by changing its own structure or optimizing its own one or more properties. Therefore, the structure 
emergence of social network can also be positioned to that the reciprocal action of the local or micro -rules 
leads to changes in the properties of the macro-scale, and reaches the final steady state. 
Community structure in social network is an abstract virtual structure. There is a large amount of clique 
structures exist in social networks[6] and such clique structures will change with the interaction between 
individual. Driven by external forces, clique structure reorganization can be attained by reducing or 
strengthening connection and other social form, which leads to the macroscopic changes in the network 
structure and eventually forms whole emergence, such as the generation of a new clique. Strictly speaking, the 
structure of the social network is constantly changing. Take the social network formed by email relationship for 
example, as long as the network has new mailing behavior, s mall changes occurs in the net work structure: 
either the connection weight between two nodes increases; either the two nodes, which have no direct 
connection before, set up connection. This local interaction between the social network nodes, usually do not 
change the entire network structure, for example, there are more than one mail between two people does not 
accept them direct ly into your friend circle. But as time goes on, with the promotion of the influence of external 
effect factors and reciprocal action of the internal local ru les, the structure of some groups in social networks 
will change from one state to another state. For example, if someone in  an organization is promoted to become 
leaders, after a period of time, he will gradually become the core o f the organization. Reflected in the social 
network is that the node representing this person transitions gradually from the non -central location of the 
organization network to the central position and stays stable, the new structure of the social networks emerges. 
That shows under the external force the social networks structure realizes the emergence of the whole structure 
through reciprocal action of the  local rules between individuals, displays a new structural features (e.g., h igher 
centralization degree and smaller networks radius, etc.). In the contemporary society, the formation of stealth 
clique, the changes of hot topics and innovation diffusion[7] and so on can be regarded as the emergence of 
social network structure. 
From the point of structure emergence of social networks and according to the evolution behavior of social 
networks, this paper finally  researched community structure emergence in the social network due to external 
environmental d isturbances, which is a widespread structure emergence phenomenon, and also given a case 
analysis of community structure emergence in a social network. 
2. Stable states in social networks  
In general, we can use a time -varying trip les[1] to describe the dynamic network: G(t) [N(t) L(t ) f(t)
R] where N(t) is a set of nodes, L(t) is a set of edges, f(t) is the mapping function that maps an edge to the 
node pair:  f(t): L(t ) N(t) ×N (t). N(t), L(t) and f(t) vary with t ime, so G(t ) is a dynamic network. The network 
shape can be defined by the function f(t), it may changes over time when delete, add and re-connect nodes. 
Assume that the network G(0) is in its init ial state, and apply a mult i-local rules of the regular geometric R 
each time step to G, which makes G(0) transition to G(1), then transitions from G(1) to  G(2) ..., until it reaches 
the final state G (tf), or repeats the state before, i.e., G(t+1) R{G(t) E(t)}, here E(t) is the external force on G. 
If G(t) reaches the final state G(tf) and remains unchanged for all t tf , then G is convergent, otherwise 
divergent. 
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Emergence is a new steady state that the system reaches by reciprocal action of the local ru les between 
individuals in the evolution of complex systems, i.e., the process of completing emergence. In the social 
network, this steady state can be called community [1], but in reality many networks do not have absolutely 
independent of each other's community structure, on the contrary they are constituted by many interrelated 
communit ies overlapping each other. For example, in the communications and Internet -based social network, 
the number of communities separated from each other is s mall, a person is likely to belong to different 
communit ies at the same time (such as company, family, interest groups, etc.), which arises the concept of 
overlapping communities. And clique percolation algorithm [ 8] can be used to analyze such overlapping 
community structure, as shown in Fig.1. 
In the community, there are some special individuals can be seen as a set of interconnected small full 
coupling network . These full coupling network  is called clique , and k-clique indicates the number of 
nodes in the full coupling network is k . If two k-cliques have k-1 common nodes, then call the two k-cliques 
before and after connecting with each other. The k-clique community in  the network can be seen as a set 
constituted by all interconnected k-cliques. For example, 2-clique stands for the edges in  the network, and then 
2-clique community represents each connected sub-graph in the network, while 3-clique represents a triangle in 
the network, then 3-clique community represents a set of interconnected triangles, and  any two adjacent 
triangles in the community have a common edge. Fig.2 shows the 2-clique, 3-clique and 4-clique.  
             
2-clique 3-clique 4-clique
 
Fig. 1. Overlapping community structure                                         Fig. 2. Several typical k-cliques 
Some nodes in the network may belong to mult iple k-cliques, while these k-cliques are not adjacent (which 
means they don t have k 1 common nodes). Therefore, these nodes are k-clique community s "overlap" 
section. For a  fu ll coupling network of s size, randomly select k  nodes (k   s) can  form a k-clique. In addit ion, 
for any two full coupling networks of greater than k  size which have k-1 common nodes between each other 
can always form a k-clique. Therefore, in the clique percolation algorithm, we only need to find the biggest full 
coupling sub-graphs (clique) in each section, then can use these biggest full coupling sub-graphs to find k-
clique s connected sub-graph (i.e., k-clique community). 
3. Community structure identification methods in the social network stable state 
In the social network, the judgment of the steady state is mainly on the basis that the community does not 
occur large structural changes such as atrophy, expansion, split, merger, birth and demise in a period of t ime. 
From the algorithm implement level, here involves two issues: one is how to identify community structure in 
the social network from a certain time, which mainly uses community detection algorithm based on clique 
percolation; another is how the community transitions from a steady state to another steady state under external 
force and reciprocal action of internal local rules from a period of time. 
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investigate implementation process of community detection algorithm. In the previously mentioned community
detection algorithm based on clique percolation, generally using from large to small, iterat ive regression 
algorithm to find the cliques in the network. First of all, from the degree of each node in the network can decide
the largest size s full coupling network that may  exist in  the network. Start from a node in the network, find all
s size cliques containing this node, remove this node and the edges connected to it, avoid repeatedly find the
same clique. Then select another node, repeat the above steps until there is no node in the network. At this
point, all the cliques of s size in the network are found. Then, gradually reduce s (each decreases by 1), then use 
the above method to find all cliques of different sizes. The key to the algorithm is how to detect all s size
cliques that contain the initial node.
Algorithm 1: Clique percolation algorithm[9]
Step 1. Decide the possible largest size s of the full coupling network according to the degree of each node.
Step 2. Start from a node in the network, detect all s size cliques containing this node.
Step 3. Remove this node and the edges connected to it (avoid repeatedly find the same clique).
Step 4. Select another node, repeat step2 and step3 until there is no node in the network.
Step 5. Output all s size cliques in the network; if s>1, then s=s-1, repeat step 1 to step 5 until find all cliques 
of different sizes in the network.
Algorithm 2: Community detection algorithm based on clique percolation
Step
overlap matrix (each row or column of the matrix corresponds to a clique, diagonal elements represent the 
number of corresponding nodes in the clique, non-diagonal elements represent the number of public nodes
between the two cliques).
Step 2. Since k-clique community is the connected graph constitutes the adjacent k-clique sharing common k
1 nodes. In the clique overlap matrix, set the diagonal elements which are s maller than k and non-diagonal 
elements which are smaller than k 1 to 0, set other elements to 1, then  get the k-clique community structure 
connection matrix.
Step 3. Each connected section in the matrix represents each k-clique community.
The above process is shown in Fig.3. 
Fig.3. The process of detecting k-clique community from all cliques
4. Discriminant method of community structure emergence in social networks
The key problem to the study of community structure emergence in social networks is that: due to the
community structure transitions from a steady state to another steady state, how to ide ntify the current 
community in the network is evolved from community in  the previous steady state, i.e., which are the new born
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community (or divided from other communit ies), which community demise (o r merged by other communit ies), 
which community expanse or atrophy. 
Therefore, when design the discriminant algorithm of community structure emergence in  social networks, 
mainly focus on two aspects: on the one hand, is community inheritance relationship between the two 
generations before and after the evolution; on the other hand is to design an index to quantitatively judge the 
community stability. 
Algorithm3: Discriminant algorithm of community structure stability 
Step 1: Input the network structure data of different evolution  iterat ions (node, edge, weight);  use algorithm 
1 and algorithm 2 to divide communities into each time zone. 
Step 2: superpose the connection relationship based on the same node of two adjacent generations of the 
network (community is Di and Ej) and then divide the community Vk after superposition by clique percolation 
algorithm. 
Step 3: calculate the relative superposition degree of all possible (Di  , Ej) pairs for every community: 
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Step 4: put all C values in descending order, Cmax corresponding (Di, Ej) is the community pair before and 
after the evolution. 
Step 5: Record the merged (disappeared) communities, the new born communit ies as well as the expansion 
or atrophy communities. 
Step 6: calculate the community structure stability index: 
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where  is the constant average ratio that community members (nodes) remain when every evolution of 
community  happens, which  is used to describe a community stability  within  the time window (t0 , tmax). Within 
the given time window (t0 , tmax), if    (where  is a boundary value, for example  =0.85, we believe that 
in the consecutive mult iple iterat ions, the average ratio that the community members remain unchanged is 
higher than 85%), then consider that the community reaches steady state in tmax t0 iterations. 
The community that reaches a steady state through Algorithm 3, in  essence, is due to the iterations effect 
that the social network members bring about through local micro-ru les (members establish or cancel connection 
between each other, the connection between the members enhances or weakens), to achieve emergence of some 
stability region (sub-graph structure that have close relationship within the group members and loose 
relationship between groups).  
In Algorithm 3, the community structure stability index  reflects the current situation that already exists, 
that is how many members remain  in the community that do not leave. A more reliab le approach is to add a 
future community split index to predict whether the community remains stable in the next  st ep, which describes 
probability of the individual tends to leave the community is: 
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p                                                                                                                                    (3) 
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The community split probability that calculated is: 
A
p
P itA
)(                                                                                                                                                (4) 
If PA(t) p* (p* is the threshold value of community split) and *, then the community structure is in a 
stable state and will not soon be broken in the next evolution.  
5. A case study of the community structure emergence in social networks 
The community structure emergence in social networks is under the influence of certain external conditions, 
through reciprocal action of local ru les on the members, and eventually leads to the split and reorganizat ion of 
the community structure, then reaches a new steady state after a period of evolution. Section 4 gives the 
algorithm of how to identify such a steady state, this section will use a concrete instance to describe the 
evolution of the community structure and the emergence phenomenon. 
The Internet has released the U.S. Enron mail relationships that existed about 2 years before its bankruptcy, 
which is a typical social network. Through the observation, it is found that the social relations network fo rmed 
by e-mail between company employees occurred subtle changes after major events happened such as the stock 
price changes, CEO replacement, media reports, major company news release, the law enforce ment agencies 
investigation. 
The Enron email relational dataset contains 36,692 nodes and 367,662 edges, and the original data can be 
downloaded at http://snap.stanford.edu/data/email-Enron.html.  
Through the given discriminant method of community structure emergence in section 4, we can get 
calculation results  of the community structure evolution and the emergence phenomenon  as shown in Table 1.  
Table 1. Community structure emergence in Enron 
Community 
number 
1st quarter 
of 2000 
2nd quarter 
of 2000 
3rd  quarter  
of 2000 
4th quarter 
of 2000 
1st  quarter 
of 2001 
2nd quarter 
of 2001 
3rd quarter 
of 2001 
4th  quarter 
of 2001 
1st  quarter 
of 2002 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
0,0,0 
1 
2,3 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
0,0 
1,3 
2,11 
3 
4,4,4,3 
5 
6 
7 
8 
9 
10 
11,6 
12 
13 
14 
0 
1,2 
2 
3 
4,4,3 
5 
6 
7 
8 
9 
10 
11 
12 
13,3,6,4,7,12 
14,18,4,11 
0 
1,40 
2 
3,6,4,7,12 
4,3 
5 
6,8 
7,42 
8 
9 
10 
11 
12 
13 
14 
0 
1 
2 
3 
4,11 
5 
6,4,7,12 
7 
8 
9 
10 
11 
12 
13 
14 
0 
1 
2 
3 
4,7,12 
5 
6,5 
7,22 
8 
9 
10 
11 
12 
13 
14 
0,0 
1 
2,6 
3 
4 
5 
6 
7,12 
8 
9 
10 
11 
12 
13,3 
14 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9,26 
10 
11 
12 
13 
14 
0,0 
1 
2 
3 
4 
5 
6 
7 
8,1 
9 
10 
11 
12 
13 
14 
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15 
16 
17 
18 
19 
20 
21 
22 
23 

70 
15 
16,4,4,4,3 
17,19 
18 
19 
20 
21,11,6 
22 
23 

25 
15 
16 
17 
18 
19 
20 
21 
22,9 
23 

38 
15 
16 
17,52 
18 
19 
20 
21 
22 
23 

41,16 
15 
16 
17,11 
18,4,11 
19 
20 
21 
22 
23 

69 
15 
16 
17 
18 
19 
20 
21 
22 
23 

48 
15,29 
16 
17 
18 
19 
20 
21 
22 
23 

70 
15 
16 
17 
18 
19 
20 
21 
22 
23 

42 
15 
16 
17 
18,12 
19 
20 
21 
22 
23 

70 
15 
16 
17 
18 
19 
20 
21 
22 
23 

28 
 
Each column in Tab le 1 represents a series of communities that form in a quarter. The first number in each 
column is the calculated community number. If there is other numbers behind the number then the latter 
number indicates the community still exists in the next quarter, and expressed by a new number. Take 
underlined "16,4,4,4,3"in Table 1 for example, it represents that No. 16 community in the first quarter of 2000, 
exists in the second quarter of 2000 as No. 4 community, exists in the third quarter of 2000 as No. 4 community, 
exists in the fourth quarter of 2000 as No. 4 community, exists in the first quarter of 2001 as No. 3 Community, 
and eventually disappeared in the second quarter of 2001. 
 
 
Fig. 4 The community structure evolution and its emergence phenomenon in mail networks of Enron 
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There are 7 marked yellow lines to explain the community structure evolution and its emergence 
phenomenon as shown in  Fig. 4. Since the second quarter of 2000, the stock reached the highest point of $ 90, 
the communication object and intensity through e-mails between employees changed. After the evolution in the 
third quarter of 2000, emerged 7 community structures with stability characteristics, these community 
structures have sustained stable until restructuring happened in the fourth quarter of 2000. Enron stock fell 20% 
in the fourth quarter of 2000, the communication object and intensity through  e-mails between employees also 
changed: the original five communities split, atrophy, or merged with other community, and the remaining two 
communit ies still stable, one o f which  had been stable until the end of the second quarter of 2001, while 
another community had been stable to the end of the fourth quarter of 2001.  
This case analyzes the email relationship network afterward and compares the time point of the network 
restructure with the important events of Enron in  order to build a rational relationship between the microscopic 
changes with macroscopic expression. This case illustrates that the external pressures can destroy the structure 
of stable social network and the macroscopic important events can also be forecasted by the determination 
algorithm of community stability on the other hand. These results are very meaningful for enterprise 
management, public management and market ing. If the burst of public opin ion on Internet can be forecasted, 
the government can persuade in advance to avoid the intensity of social contradiction. If the churn tendency of 
group customers can be forecasted, the enterprise can perform customer care in advance to avoid the group 
disintegration. 
6. Conclusion 
From the point of virtual structure emergence and according to the evolution behaviour of social networks, 
this paper researched community structure emergence in the social network due to external environmental 
disturbances, which is a widespread structure emergence phenomenon. Since the premise of the research of the 
social network evolution is to discriminate the stability of the communit ies in the network, the discrimination 
algorithm of stability is proposed. For the stable social network, the stable community ext raction algorithm is 
also studied. The inheritance relationship discrimination method for communities in two adjacent states and 
discrimination method for community stability is also proposed to describe the social network evolution 
progress by time quantitatively. At last, a real case is given to exp lain the method is meaningful fo r analyzing 
the influence of external pressure on the stability of network structure and the feasibility of forecasting the 
import events by the changes of the network structure. 
References 
[1] Levis T  G. Network science: theory and applications. New York: John Wiley & Sons; 2009. 
[2] Scott J. Social Network analysis: A handbook. 2nd Edition. London: Sage Publication; 2000.  
[3] Chen H C, Li Y H, Liu L X. Communication network community detection algorithm orienting hierarchical structure analysis. 
Computer Engineering 2011; 37(21): 74-77. (in Chinese) 
[4] Stoneman P. The economics of technological diffusion. Oxford: Blackwell Publisher; 2002. 
[5] Barabási A L, Albert R. emergence of scaling in random network. Science 1999; 286: 509-512. 
[6] Newman M E J, Girven M. Finding and evaluating community stucture in network. Physical Review E 2004; 69: 026113,  
[7] Forman C, Goldfarb. ICT Diffusion to Business, http://www.andrew.cmu.edu/user/cforman/ICTDiffusion.pdf  
[8] Palla G, Derényi I, Farkas I, Vicsek T . Uncovering the overlapping community structure of complex n etworks in nature and society. 
Nature 2005; 435(7043): 814-818. 
[9] Wang X F, Li X, Chen G R. Introduction to network science. Beijing: Higher Education Press; 2012. (in Chinese) 
